Monitoring the Indian Summer Monsoon evolution using TRMM/GPM
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Abstract

We make use of satellite-based rainfall products from both the Global

Precipitation Measurement (GPM) Integrated Multiscale Retrievals for
GPM (IMERG) and its predecessor, the Tropical Rainfall Measuring
Mission (TRMM) Multi-Satellite Precipitation Analysis (TMPA), and daily
rainfall analysis based on rain gauge measurement available from the Indian
local onset and

Meteorological Department (IMD) to objectively define

demise at 36 Meteorological subdivisions of the Indian Summer Monsoon.

This local definition is also anchored to the All India averaged Rainfall
(AIR) monsoon onset and demise to avoid detection of false local onset and
demise. Tt is also shown that the carly monsoon rains over northeast India
has a predictive potential for the following seasonal length of the Indian
Summer Monsoon over rest of India.
Datasets and Methodology

Rain gauge obscrvation of the IMD available for 104 years (1902-2005) (Pai
et al. 2014a, b) and satellite-based TRMM (1998-2015) products are utilized

to compute onset and demise at 0.25°x0.25° grid interval. Three years of
GPM (2015-2017) products arc then used for testing an experimental

forccast outlook. The onsct (demise) of AIR is defined as the first day after
the minimum (maximum) in daily cumulative anomaly of AIR is reached in
the year (Noska and Misra 2016). The daily cumulative anomaly Cpy (i) of
AIR for day i of year m is computed as:

Chn(i) = Zhs[Am(m) = C] where,
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An(n)is the daily AIR for day n of year m, and C is the climatology of the
annual mean of AIR over N (=365/366) days for M ycars.

To define the local onset and demise at every grid point over the domain we

first compute the climatological local onsct (o(D,) and demise (dT,) from

the daily cumulative anomaly (et (i) of the daily climatology of rain at the
grid point in the same way as for the AIR (but this local definition can be
potentially scaled to any spatial discretization that suits user needs):

b)) = Zhma 13 ~ ]

where, Ty is the climatological rain at grid point x for day n and & is annual

mean climatology of rain at grid point x:
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Similarly, we define the climatological onset {D(|_)X)and demise (DTX) from
the daily cumulative anomaly of the daily climatological AIR. We then
compute the difference (by) between the climatological local {nm and

climatological AIR onsct @) as:

b, = 00 - O
and similarly, the difference (dy)
AIR demise D@) as:

between the climatological local (¢, and

dx = &% - DO
The climatological departures of local with AIR-based onset/demise over
the 104-year period of the datasct gives a robust estimate of the phase lag
(in days), with the transients being averaged out. We then define local onset
(lem () and demise (ldy (D)) for a given year m and grid point x from the
daily cumulative anomaly for the year m by finding conscrvatively (the
nearest) minimum and maximum near the immediate vicinity of (0 (i) +
kby) and (Dy (i) £ pdy), where, k= (1+qoy,) and p = (1+70y,). 0y ,04,. arc
the standard deviations of bx and dx, ¢ and r are fractions that are
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The climatological local onset, demise, seasonal accumulation of rainfall of

the ISM are shown in first column of Figs. la, b, c. In general, the

progression of the local onsct of the ISM in Fig.la follows the typical
isochrone progression of the ISM from the southwest corner across to the
northwest regions of India. However, the southeastern part of India (Tamil
Nadu) and over northern tip of India (northwestern part of Jammu and
Kashmir) experience a very delayed onset of the ISM (Fig. la), as these
regions climatologically receive far less summer scason rainfall than other
parts of the country (Fig.1c). TRMM and GPM draws similar conclusion as
shown in second and third corresponding columns.
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1200 row) and TRMM (Second row) local onset date (LOD), demise dates (LDD), seasonal length (LSL) and seasonal rainfall
1000 anomalies (LSRA) of the Indian Summer monsoon. The hatched regions indicate passing bootstrap test at 5%
800 significance level.
500
400 -~ Assam & Moghaiays Naga. Marv Mizo & Tripura. Subrem Wt Bargal & Sam Gangetec Voot Bengal
I e T i oy R
0 £ H
D b D o § 5] ] g g8 £
70E 75 OUE BSE BOE GSE TOE 7SE GDE BSE GUE 956 7OE 7SE BOE O5E GOE  65E - - “
st, second and third rows shows the climatological onset, demise date (in Julian days), =+ & st o e Yominn P
and seasonal accumulation of rainfall (mm) of the Indian Summer Monsoon (ISM) defined at every % .@m [
grid point for Indian Meteorological Department (IMD), TRMM and GPM gridded rainfafl @ e e ) )
dataset respectively arranged in respective columns,
1 lands § - - §
2 et i I. - . [
3. dssam & Meghala H @ P P P
4. Noga, Menni Mizo & Tipura i B im i 0 LES i
5. SubHim West Bergal & Sk .
§ b et b o ot [ o
7. orsa
& Jripand | —
9. B -5 28 -] e
10 East Utar Prades
L. st UtarPradesh s ot con . vesera
12. Uttaranchal 7 B “ prm ’
13 Horyans, Crandigah & Delhi [ . _&g_
14.Puniab . 001w 00um2 00e189 0 1st
15 Himacha racesh i . gap S 88 B
16 Jammu & shir
17 e st JRr o ot s Lo— P— Tamiti s ety
18 East Rsthan e
Vet Wiy Pradesh . e
20 €t Nty Pr o e o w e
ot . 555 R R 8 o
22 Saurshin Ktch &0iu PR o K o s o
73 Korkan & oo . o
24 Mickya Voharasra H
22 Moo i e s
26 Vidartho H B8 55 B -5

1% Jun (152)
30° Sep (273)

e E3

27. Chhattisgarh
28, Coastal Andhva Pradesh
Telangana

31, Tamil Noc & Poricherry
32, Coastal Karrataka

3. North Inerior Karnataka
34 South Interior Karnataka

Figure 3: (a) 36
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Figure 4: Time series of daily rainfall climatology (IMD) of the 33-
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Figure 5: Comparison of IMD, TRMM and GPM onset/demise for corresponding MSDs.
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Conclusions

An objective definition of local onset and demise of the ISM is

introduced, which has many attractive features:

1) The definition is scalable to any spatial resolution; therefore it can be
casily adapted for any application or datasct.

The chance for detection of false onset and demise is minimized by
anchoring to AIR scasonal cycle.

3) It is solely based on rainfall; therefore it is comparatively casy to
implement as it does not require multiple sources of data.

It is quite apparent that carly (later) onset of the ISM over Northeast

India (NI) is very strongly associated with carly (later) onset (Fig
carly (later) demise (Fig. 2b) and longer (shorter) length (Fig. 2

ISM over rest of India. However, the relationship of the onset of ISM
over NI with seasonal rainfall anomalies is weekly correlated over rest
of India. Because onset of summer rains in NI occurs almost a month
carlier than rest of India, there is a potential to tap the predictive skill
of the onset of rains over NI for predicting onset, demise, and scasonal
length over rest of the India.

5) We further analyzed the gridded rainfall analysis to develop regional
onset, demise, scasonal length and the seasonal accumulation of
rainfall over 33 meteorological subdivisions (MSDs) of India as shown
in Figs. 3a. The onset and demise dates of the ISM in these 33 MSDs
were found to be comparable in IMD, TRMM, and GPM datasets as
shown in Fig. 5.
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